Abstract: Human resources are the major input of health systems therefore the equitable distribution of human resources in health care remain critical in making progress towards the goal of universal health coverage and thus to sustainable development. The purpose of this study is to evaluate the health care human resources distribution across regions of Poland between 2010 and 2017 and estimate the level of equity. This research by applying to Polish conditions will allow to fill in the gap in existing literature. Data was derived from the Knowledge Database Health and Health Care of Statistic Poland and Polish Statistical Yearbook. In purpose to examine the distribution of health resources against population size and geographic size in Poland, the Gini coefficient calculated based on the Lorenz Curve was engaged. This study has several major findings. The amount of most types of human resources -as apart from internist, obstetrics and gynecology, occupational medicine -when expressed as number of them per 10,000 population or 1 square km increased in 2017 compared to 2010. Moreover, for most types of health care human resources the level of access slightly changed during analysied period as Gini coefficients decreased. However, the geographical distribution of all types of human resources is less equitable then in case of population distribution. The most troublesome is relatively lower equity in case of oncologist, family medicine and occupational medicine and cardiologist in both population and geographical distribution. Thus this research provides some implications for policy and practice. As the main reason to establish National Health Fund (which meant the centralization of the system) in Poland was to to eliminate regional differences in access to health care, thus this research confirms that still some more corrective actions, in this field, should be undertaken.
Introduction
Good health is essential to sustained economic as well as to social development and also poverty reduction [1] . Health affects people's well-being as healthy children are better able to learn, then it influences their ability to work or pursue an education and at general the range of opportunities and life plans. So, health contributes to development and the overall well-being of society directly as well as indirectly through income and wealth [2] . Thus good health has impact on the quality of human capital while healthy population facilitates economic growth [3] .
The crucial factor for maintaining and improving health is the access to needed health services with the protection being pushed into poverty because of the health care cost [1]. That's why introduction of universal health coverage has become a major goal of health care system reform in many countries as well as a priority objective of World Health Organization. Universal health coverage is defined: "as ensuring that all people have access to needed health services (including prevention, promotion, treatment, rehabilitation and palliation) of sufficient quality to be effective without being exposed to financial hardship in paying for the services" [2] . Thus it combines two key elements, the first relating to people's use of the health services they need and the second element relates to the economic consequences of doing so [4] . Even, the main motive of universal health coverage implementation is individual benefits from health service utilization as benefits financed from public means on 30 July 2004, but the general idea of insurance in National Health Fund remained [23] .
As, human resources are the major input of health systems and equity access do health care services has so high importance in the context of good health, which is then so important for the sustainable development, thus it is important to analyze the distribution of health care human resources -especially by area and population.
Because of importance of this topic and shortage of such research in the context of Poland, the purpose of this study is to evaluate the health care human resources distribution across regions of Poland between 2010 and 2017 and estimate the level of equity. There is no such structured studies in the context of Poland and this research will allow to fill in the gap in existing literature (there is some studies conducted from different context e.g. [24] ). While this topic is widely analyzed in some other countries (e.g. [25] [26] [27] [28] [29] ). To understand the trend of access to human resources in health care in Poland is important because it could be a base for the improving health policy. Moreover, the equitable distribution of human resources in health care remain critical in making progress towards the goal of universal health coverage and also to sustainable development.
Materials and Methods
Data related to health care human resources used in this study was derived from the Knowledge Database Health and Health Care of Statistic Poland [30] for the period from year 2010 to year 2017. As Poland is divided into 16 voivodeships, thus this study used, voivodeship -level data on health care human resources and each voivodeship was considered as a unit of analysis. The study data consisted of the number of physicians, number of nurses, number of dentist and number of pharmacist and number of all types of specialists. Moreover, data regarding to number of 16 different types specialists (which are more then 85 % of specialist in general) were also collected. These numbers were then converted and expressed as number per 10,000 people and per square meter. Population and geographic area data was obtained from Polish Statistical Yearbook 2010-2017 [15] . Number of them were used as the indicators of health care resources in each region.
In purpose to exam the distribution of health resources against population size and geographic size in Poland, the Gini coefficient calculated based on the Lorenz Curve was engaged. Because it is recognized as one of the most common measure of distribution and also as one of the superior tool for measuring inequity [31, 32] .
The Gini coefficient was developed by the Italian Statistician Corrado Gini [33] as a summary measure of income inequality in society [34] . In this study, the Gini coefficient was calculated based on the Lorenz curve as a graphical representation [35, 36] . The Gini coefficient is defined as the ratio where the numerator is the area between the Lorenz curve of the distribution and the uniform distribution line while the denominator is the area under the uniform distribution line. Thus the actual extent of inequality is presented by the area between Lorenz Curve and the line of perfect equality. It means, that more even distribution would be recognized in case of less deviation from the line of perfect equality.
The ratio can vary from 0 to 1, where 0 corresponds to perfect human resources distribution (i.e. every units has this same resources per 10,000 people) and 1 means perfect human resources inequality (i.e. one has all the human resources, while everyone else has zero resources). Then Gini coefficient with the value less then 0.3 shows preferred equity status, then between 0.3-0.4 means normal condition , while Gini coefficient with the value between 0.4-0.6 triggers an alert of inequity and the value exceeding 0.6 represents a highly inequitable state.
Two indicators were used for measuring inequity, reflecting the distribution of health care human resources among populations and the second among geographical location. And the following formula was used:
Where: yi = value of i-observation n= number of observations
Results
The results of this study showed that the number of physicians, dentist, nurse and pharmacist, expressed as per 10.000 population in Poland (table 1) has increased from the year 2010 to 2017. In case of pharmacist and physician, the change is above 10%, it means 16.92% and 14.08% respectively. While number of dentist per 10.000 population has increased by 9.38% and the lowest change is reported in case of nurses, it means only 5.22%. Analysis of number of all specialist (in general) and various type of specialists (totally 16 specialists which are more then 85 % of specialist in general) presents variability in amount by which theses resources have been changed in 2017 compared to 2010. Generally, there is increase of specialists in general by 13.26%. The most significant changed can be observed in case of oncologist (115.51%) and cardiologist (67.44%). Then there is a group of such specialists, which amount per 10.000 population has been changed by around 20% -it means anesthesiologist (23.06%) and psychiatrist (22.47%). The change of number of specialists per 10.000 population from 2010 compared to 2017 at the level ranged from 10.67% to 15.96% (surgeon, family medicine, neurologist, ophthalmologist, pediatrician, radiologist). Smaller change occurred with reference to such specialists as lung diseases, dermatology, otolaryngology. While there is also decrease of number of such specialists: internist (by 10%), obstetrics and gynecology (4.13%) and occupational medicine (1.06%). Table 3 presents the number of physician, dentist, nurse and pharmacist respectively per 1 square km, which has been increased from 2010 compared to 2017. Regarding to pharmacist and physician, the change is above 10%, it means 16.76 % and 13.80% respectively. While number of dentist per 10.000 population has increased by 8.15% and the lowest change is reported in case of nurses, it means only 4.85%. While there is also decrease of number of such specialists per 1 square km: internist (by 9.37%), obstetrics and gynecology (3.46%) and occupational medicine (0.37%). Analysis of number of specialist in general and various type of specialists (totally 16 specialists which are more then 85 % of specialist in general) presents variability in amount by which those resources have been changed in 2017 compared to 2010, when expressed as number of particular specialist per 1 square km (table 4) . Generally, there is increase of specialists in general by 14.05%. Similar tendency of changes can be observed when expressing number of each types of specialists per 1 square km. The most significant changed can be observed in case of oncologist (117.01%) and cardiologist (by 68.60%). Then there is a group of such specialists, which amount per 1 square km. has been changed by around 20% -it means anesthesiologist (23.92%) and psychiatrist (23.33%). The change of number of specialists per 1 square km from 2010 compared to 2017 at the level ranged from 11.44% to 16.77% (surgeon, family medicine, neurologist, ophthalmologist, pediatrician, radiologist). Smaller change occurred with reference to such specialists as otolaryngology, lung diseases, dermatology.
From the analysis of Gini coefficients values it was noticed then the Gini coefficients against population size (table 5) ranged between 0.04 and 0.17 for the number of such human resources as physician, dentist, nurses and pharmacist, respectively indicating relatively good equality. What is also positive that slight improvement in the level of equality to access to three groups of health care workers is also recognized. For physician, the Gini coefficients has changed from the 0.08 (in 2010) to 0.06 (in 2017) and respectively for dentist from 0.16 (2010) to 0.14 (2017), then from 0.11 (2010) to 0.09 (2017) for the pharmacist. In case of nurses, the slight increased was noted from 0.06 (2010) to 0.07 (2017), which means the detoriation of equity level. The Gini coefficients against geographic distribution (Table 6 ) of above health resources ranged between 0.25 and 0.32 indicating relatively good and normal equality. A slight improvement in the level of equality to access to nurse and pharmacist is also recognized, while there is no changes in the level of equity for the access to physician as the Gini coefficients for physician was in both 2010 and 2017 at the level of 0.3. The decrease in equity is noted in case of dentist as the Gini coefficients increased slightly from 0.26 in 2010 to 0.27 in 2017. In case of specialists in general and specialists in various fields of medicine, the Gini coefficients against population size ranged between 0.05 and 0.27, which indicating relatively good equality (Table 7) . Relatively, the most equitable access can be observed in case of specialists in general (0.06-0.08) and three more type of specialists as: to surgeon (0.05-0.06), anesthesiologist (0.06-0.08) and obstetrics and gynecology (0.08-0.09). Table 7 presents, that the less equitable access is in case of oncologist (0.15-0.27), family medicine (0.18-0.22) and occupational medicine (0.18-0.24).
Then a slight improvement -within the analyzed period -in the level of equality to access to specialist in general (0.29) has been observed as well as to seven types of specialist as for: family medicine, lung disease, occupational medicine, ophthalmologist, psychiatric, radiologist and relatively higher improvement in case of oncologist (0.25 to 0.16). There are five types of specialists for which, the increase of the Gini coefficients was noticed which means the decrease of equity to assess to them (cardiologist, internist, obstetrics and gynecology otolaryngology and surgeon). There are also 4 types of specialists (anesthesiologist, dermatologist, neurologist, pediatrician) with no changes in the level of Gini coefficients between year 2010 and year 2017 and thus in the equity level within analyzed period, however slight variation of Gini ratio during this period between 2010 and 2017 can be observed. In case of specialists in general and specialists in various fields of medicine, the Gini coefficients against geographic distribution ranged between 0.25 and 0.43 (Table 8) . Relatively, the most equitable access can be observed in case of specialists in general(0.29) then to surgeon (from 0.29 to 0.28) and anesthesiologist (0.28-0.30) and obstetrics and gynecology (0.25-0.26).
Then a slight improvement in the level of equality to access can be observed in case of eight types of specialists as as for dermatologist, family medicine, internist, neurologist, occupational medicine, ophthalmologist, surgeon. Then in case oncologist, the change is higher as from 0.38 to 0. 33. There are three types of specialists for which, the increase of the Gini coefficients was noticed which means the decrease of equity to access to them as for: anesthesiologist, obstetrics and gynecology, pediatrician. In case of 5 types of specialists and specialist in general, no changes in the level of Gini coefficients between year 2010 and year 2017 and thus in the equity level were recognized, as for cardiologist, lung diseases, otolaryngology, psychiatrist, radiologist, however slight variation of Gini ratio during this period between 2010 and 2017 can be observed. The results showed that the geographical distribution of specialists in general and specialists in various fields of medicine is less equitable then in case of population distribution. The Gini coefficients against geographical ranged between 0.25 and 0.43. For 11 types of specialists the Gini coefficients accepted the value from the range above 0.30. (not only in 2017 but in most of the years of analysis) and three of them had also value of this ratios above 0.4 during the analyzed period.
Discussion
On basis of the Gini coefficient, this paper reports on a comparative analysis of some slight inequality of health care human resources distribution in Poland. This study has several major findings. Firstly, the amount of all types of human resources (physician, nurses, pharmacist, dentist and specialist in general) when expressed as number of them per 10,000 population increased in 2017 compared to 2010. Also, it was observed that number of most different types of analyzed specialist increased in the above period with the most significant increase of oncologist and cardiologist. However, in case of three out of sixteen specialties -in such as internist, obstetrics and gynecology and occupational medicine -the decrease of their amount per 10,000 population was observed.
Also, this same tendency was observed when analyzing number of the human resources per 1 square km. It was noticed that generally number of all types of human resources and most of different types of analyzed specialist increased in the above period with the most significant increase of oncologist and cardiologist. However, in case of three out of sixteen specialties -in such as internist, obstetrics and gynecology and occupational medicine -the decrease of their amount was observed. Generally, there is increase of amount of health care human resources expressed in both by population and per square km.
Secondly, population distribution of all main types of health care human resources is quite equitable as Gini coefficients for distribution by population were below 0.17, while for different types of specialists it was below 0.27 during all years of analysis and in 2017 even below 0.14 and 0.18 respectively. Moreover, it was noticed that apart from nurses, cardiologist, internist, otolaryngology, obstetrics and gynecology, surgeon the decrease of Gini coefficients were observed which means the improvement of equity took place. The relatively most higher improvement was noticed in case of on oncologist.
However, geographical distribution of all main types of human resources is less equitable as Gini coefficients for distribution by geographical area were below 0.32 and in case of different types of specialists it was below 0.43 during all years of analysis while in 2017 even below 0.30 and 0.37 respectively. It means that the geographic distribution of health care resources including also different types of specialists in Poland exhibits a slight level of inequality. The positive is thatapart from -dentist, anesthesiologist, obstetrics and gynecology, pediatrician, the decrease of the Gini ratios took place, which means the improvement of equity in the access to these human resources. The higher improvement was noticed again in case of oncologist.
The results showed that the geographical distribution of all types of human resources and and specialists in various fields of medicine is less equitable then in case of population distribution. It implies there is ready access to healthcare in all regions, whilst the coefficients by geographical area apparently indicate inequality, which means that the equality of Poland's demographically assessed distribution of health care resources is greater than that of its geographically measured distribution. It can be also found out in research conducted in other country (e.g. 27, 29] ). This could be the result of the sparsity of population. Probably, most of the Polish health care resources are distributed within the developed provinces, especially in large cities developing provinces, fewer health care resources are allocated. The problem, however, requires further analysis, which should be expanded by including for example the analysis of the availability based on actual consumption of health care services provided by the above human resources.
What is positive that in most types of health care human resources the level of access slightly changed during analyzed years. The most troublesome is relatively lower equity in case still of oncologist, family medicine and occupational medicine and cardiologist in both population as well as geographical distribution and internist when it is expressed by 1 square km. This unequal redistribution -especially in case of some types of specialists lead to differences in the access to health care services.
Moreover, despite the increase in the number of oncologists and cardiologists expressed at both per 10,0000 population and per square km, they still present relatively lower equity compering with others. Also, very disturbing is the fact of significant inequality of family medicine specialists.
Thus this research provides some implications for policy and practice. As the main reason to establish National Health Fund (which meant also the centralization of the system) in Poland was to to eliminate regional differences in access to health care, thus this research confirms that still some more corrective actions, in this field, should be undertaken. On the one hand, the findings also confirm the Polish government's effort and input in increasing and thus providence with better access to health care human resources but on the other hand progress has not been fast enough or deep enough -especially in case of some specialists. Thus this policy should be changed in a way to provide more equity in the access to some specialists.
The results show the need to correct the health policy conducted by Ministry of Health as well as contracting system conducted by National Funds of Health in Poland. So, because of shortage of specialist The Ministry of Health should retrieve the medical education policy as well as the aspect of medical professions regulations. In purpose to provide more equitable access to human resources in health care Poland, the Ministry of Health and National Health Funds should expand the supply of improve human resource management. Results of this research also confirms that some actions should be taken in purpose to meet standards required by updated health workforce 2030 requirements, to achieve universal coverage health and Sustainable Development Goals 2016-2030 [37] .
Conclusions
This paper focuses on the equity to access to human resources in health care as health systems are labour intensive and therefore human resources are treated as the most important of the health system's inputs. Health care services are delivered by people, therefore effective human resources management is so important and regional disparities in the allocation of health resources might be a significant obstacle, preventing some population from accessing basic health care. Although the distribution of health care resources was more adequate for the population size with some little variation among types of human resources, a striking difference was found in terms of the distribution per area. Geographical imbalances need to be taken into consideration when formulating policy rather than simply increasing the number of health care resources. Then this study can be used as the basis for health systems planning to correct the unequal distribution of health care resources. This study analyzed certain group of human resources, types of them were restricted by the availability of data. Additional studies can be conducted and should incorporate other types of health care resources if they would be availably, including moreover technological, infrastructures and financing to identify the overall circumstance of health resources in Poland.
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